Abstract
gions is presented, where both temperature effects and snow-precipitation 
where µ(t) and σ(t) are purely time-dependent drift and diffusion terms, 
where t is time and x 0 = x(0) can be either a random or a non-random 88 initial condition independent of W (t) − W (0). The associated FP equation 89 describing the evolution of the probability density function (pdf) of x(t) can 90 be expressed as 91 ∂p(x, t|x 0 ) ∂t = −µ(t) ∂p(x, t|x 0 ) ∂x
where p(x, t|x 0 ) is the transition pdf with initial condition δ(x − x 0 ) at t 0 .
∂ ∂t p(x, t|x 0 ) = − ∂ ∂x j(x, t|x 0 ),
where 94 j(x, t|x 0 ) = µ(t) p(x, t|x 0 ) − 1 2 σ 2 (t) ∂p(x, t|x 0 ) ∂x ,
is the probability current (or flux) and p(x, t|x 0 ) is the conditional probability.
95
The solution of the FP equation in (3), is usually approached numerically solvable for different functional forms of µ(t) and σ(t) with an absorbing 98 boundary, and whether these solutions can be applied in the study of the 99 first passage statistics at such boundary is the main focus of this work. Case 100 studies that employ these solutions are also presented. 
by transforming the original variables x and t into
and . Hence, given the initial
the following normalized solution for an unrestricted process, starting from 112 x 0 , can be obtained as
where, assuming the integrability of µ(t) and σ(t),
and 115
It should be noted that the transformation in equations (8) 
and the additional condition of x = +∞ being a natural boundary to ensure 133 that j(+∞, t |x 0 ) = 0. For such a system, the survival probability F (t |x 0 )
134
is defined as the probability of the process trajectories not absorbed before
and the first passage probability density g(t |x 0 ) is either the "rate of de-
or, alternatively, the negative probability current at the boundary
since p(0, t|x 0 ) = 0 from (13). be modified to
where η determines the strength of the mirror image source. Due to the lin- 
Since the condition (13) requires that p(0, t|x 0 ) = 0, one obtains that
where the constant q is analogous to the Péclet number of the process -i.e.
168
the ratio between the advection and diffusion rates (Redner, 2001 ).
169
After differentiating (20) with respect to t, it is seen that the method 170 of images requires that the drift and the diffusion terms be proportional to 171 each other. Namely, the intensity η of the image source must be constant in 
the associated FP equation is
Transforming the original time t variable in
Equation (22) finally becomes
This condition is valid for any time-dependent diffusion when the drift is and σ(t), the general solution for (3) under conditions (9) and (13) can be
provided M (t) = qS(t). Substituting for constant drift and diffusion in (25) 184 one recovers the well-known solution for a biased Bm (Cox & Miller, 1965) 185
with survival function F (t|x 0 ) given by
where Φ is the standard normal integral, and first passage time distribution
Equation (28) 
being the Q-function representing the tail prob- 
while the survival function becomes
Figure 1(a) shows the conditional probability (30) at a fixed time instance t = The solutions in the case of proportional power-law diffusion and drift can 218 be derived in an analogous manner. For µ(t) = qAt α and
the conditional probability p(x, t|x 0 ) takes the form
and the survival function, now incorporating the drift contribution, can be 221 written as
For positive q's, F (t|x 0 ) tends in the long term to 1 − exp(−qx 0 ), while for
. This fact implies 224 that the probability for a trajectory to be eventually absorbed is 1 for the 225 biased process directed towards the barrier, and exp(−qx 0 ) when the bias is Finally, g(t |x 0 ) can be obtained from (34) as
where for α = 0 the decay of g(t|x 0 ) recovers the constant diffusion t −3/2 -law 242 for t → ∞ and q = 0. 
Periodic Drift and Diffusion

244
In this section, the case of a periodic diffusion in the form σ 2 (t) =
245
[2A cos(ωt)] 2 and q = 0 is considered. For periodically driven diffusion, the 246 conditional probability can be derived in the form
13 where ϑ(t) = A 2 [2ωt + sin(2ωt)] > 0. Thus, the solution becomes modulated 248 in time with frequency ω. The survival probability is in turn
that is represented in Figure 2 for different values of the frequency ω. Finally,
250
the first passage time density is an ω-modulated inverse Gaussian distribution
In the case q = 0, the conditional probability p(x, t |x 0 ) becomes
where, again, the absorption at the barrier represents a recurrent (q < 0) or a + exp (−qx 0 ) erfc
which, given the equality erfc(−x) = 2 − erfc(x), can be alternatively ex-
The method of images can also be applied to the solution of different 
271
In these cases, the method of images only offers approximated solutions (Bul- are not strictly proportional to each other. In this way we find
and, analogous to Bulsara et al. (1994) , from equation (15) 
The approximated nature of the solution is evidenced by the fact that, the 282 image source intensity is no longer constant in time, so that by evaluating 283 the probability current in 0 we obtain
which is different from (44). In any case, the first passage time pdf in equa- space can be can be reasonably described by the Langevin equation
where k (with dimension L 2 /T α+1 ) represents the accumulation/ablation 331 rate. Note that here h includes both the rainfall and snowmelt contribu- with a time-independent ratio of drift and diffusion.
365
Where the time dependence is of the power-law type, the derived first and minimum values (lower curve) over an ensemble of 10000 simulations, for α = 0.25 and k = 0.24 mm 2 /days α . Analytical results for the conditional probability p(h, t|h 0 ) at different instants, the first passage time density g(t|h 0 ), and the survival function F (t|h 0 ), are also shown in panels (b) to (d).
